. Application No.: 10/581,076 

REMARKS 



SON-3160 



This Preliminary Amendment is requested prior to the initial examination of 

the above-identified patent application to correct minor grammatical errors. No new 

matter has been added. 

If the Examiner has any suggestions for placing this application in even better 
form, the Examiner is invited to telephone the undersigned and the number listed below. 



Dated: September 25, 2007 Respectful^ ^libmj 

By_ 



Ronalfl P.yfcananen 

R^st^ion No.: 24,104 
Chi^topher M. Tobin 
Registration No.: 40,290 
^DER, FISHIVIAN & GRAUER PLLC 
>33 20th Street, N.W., Suite 501 
Washington, DC 20036 
'(202) 955-3750 
Attorney for Applicant 



9 



Attorney Docket No.: SON-3160 
Application No.: 10/581,076 

DESCRIPTION 

CLOCKED INVERTER CIRCUIT, LATCH CIRCUIT, SHIFT REGISTER 
CIRCUIT, DRIVE CIRCUIT FOR DISPLAY APPARATUS, AND DISPLAY 

APPARATUS 

5 

Background of the Invention 
Technical Field 

The. present invention relates to clocked inverter 
circuits, latch circuits, shift register circuits, drive 

10 circuits for display apparatuses, and display apparatuses, 
and is applicable to, for example, flat display apparatuses 
including organic EL (electroluminescence) devices. The 
present invention relates to a technology in which switching 
circuits implemented by a set of transistors that switch 

15 operations in a complementary manner form a series circuit, 
an output of the connection midpoint of the series circuit 
is output to an inverter circuit, an input signal is input 
to one end of the series circuit, and a signal that is 
output from an inverter circuit and that corresponds to the 

20 output of the connection midpoint of the series circuit is 
supplied to an opposite end of the series circuit, thereby 
allowing an operation using only single-channel transistors. 



Background Art 
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Conventionally, in a flat display apparatus, a shift 
register circuit provided in a vertical drive circuit 
sequentially transfers drive signals to generate drive 
signals for pixels, for example, as disclosed in Japanese 
5 Unexamined Patent Application Publication No. 5-265411. 
Such a shift register circuit is formed by serially 
connecting latch circuits for latching input signals with 
reference to clocks and outputting the resulting signals, 
for example, as disclosed in Japanese Unexamined Patent 

10 Application Publication No. 5-241201. 

FIG. 1 is a wiring diagram showing the latch circuit. 
In this latch circuit 1, P-channel MOS transistors TRl and 
TR2 and N-channel MOS transistors TR3 and TR4 are connected 
in series between a power supply Vcc and ground. As shown 

15 in part (A) in FIG. 2, an input signal IN is input from the 
previous stage to the transistor TRl at the power-supply 
side and the transistor TR4 at the ground side, and a clock 
CK and a clock CKX, which is an invert signal of the clock 
CK, are input to the corresponding inner transistors TR2 and 

20 TR3 (parts (B) and (C) in FIG. 2) . The transistors TRl to 
TR4 form a clocked inverter circuit 2 that operates with 
reference to the clock CK. 

Similarly, P-channel MOS transistors TR5 and TR6 and N- 
channel MOS transistors TR7 and TR8 are connected in series 
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between a power supply Vcc and the ground . In a manner 
opposite to the transistors TRl and TR4, the clock CKX and 
the clock CK are input to the corresponding inner 
transistors TR6 and TR7 . Thus, the transistors TR5 to TR8 
5 form a clocked inverter circuit 3 that operates with 

reference to the clock CKX having the reverse polarity of 
the clock CK. 

In the latch circuit 1, outputs of the clocked inverter 
circuits 2 and 3 are input to an inverter circuit 4, in 

10 which a P-channel MOS transistor TR9 and an N-channel MOS 
transistor TRIO are connected in series between a power 
supply Vcc and the g round. An output of the inverter 
circuit 4 is fed back to an input of the clocked inverter 
circuit 3. With this arrangement, a latch circuit for 

15 latching the input signal IN based on the clock CK is formed. 
An output OUT (part (D) in FIG. 2) of the inverter circuit 4 
is output to the next stage. 

The shift register circuit is formed in such a manner 
that the latch circuits 1 for latching the input signal IN 

20 in response to the rising of such a clock CK and latch 

circuits in which the connections of the clock CK and the 
CKX are interchanged relative to the latch circuits 1 are 
alternately connected in series. A drive signal generated 
by the timing generator is supplied to the latch circuit at 
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the first stage and is sequentially transferred, so that a 
drive signal for each pixel is' generated. 

The latch circuits constituting such a shift register 
have a drawback in that it is difficult to fabricate the 
5 latch circuits using amorphous silicon TFTs (thin film 
transistors), which can be formed on a glass substrate. 
That is, the amorphous silicon TFTs (thin film transistors) 
exhibit a small mobility, about l/lOOth of that of 
transistors containing single-crystal silicon or polysilicon, 

10 thus posing a drawback in that P-channel transistors cannot 
be fabricated. 

In a flat display apparatus in which pixels are 
configured using amorphous silicon, a pixel section in which 
the pixels are arranged is formed on a glass substrate and 

15 drive circuits fabricated in a separate process by using 

single-crystal silicon or polysilicon are connected to the 
pixel section on the glass substrate. 

That is, as shown in FIG. 3, in a flat display 
apparatus 11 of such a type, a pixel section 12 in which 

20 pixels are arranged in a matrix is formed on a glass 

substrate 13. In a separate process, integrated circuits 
including vertical drive circuits 14A and 14B for 
sequentially driving the pixels of the pixel section 12 line 
by line are formed, using single-crystal silicon. 
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polysilicon, or the like, by shift registers. The 
integrated circuits including the vertical drive circuits 
14A and 14B are then arranged at the circumference of a 
glass substrate 13 in conjunction with the integrated 
5 circuit of a horizontal drive circuit 15 for setting the 
gradations of the pixels. 

If such drive circuits including the sift register 
circuits can be fabricated using TFTs containing amorphous 
silicon, such drive circuits and the pixels can be 

10 integrally formed on a glass substrate. Correspondingly, it 
would be possible to simplify the manufacturing process of 
such a flat display panel apparatus. To this end, it is 
necessary to provide clocked inverter circuits and latch 
circuits that operate only with single -channel transistors 

15 that can be created using amorphous r silicon TFTs. 

Disclosure of the Invention 

The present invention has been made in view of the 
foregoing points, and the present invention provides a 
20 clocked inverter circuit that operates with only single- 
channel transistors, a latch circuit, a shift register 
including the latch circuits, a display-apparatus drive 
circuit, and a display apparatus. 

In order to overcome the above -described problems, the 
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present invention is applied to a clocked inverter circuit 
in which all transistors are same -channel transistors. The 
clocked inverter circuit includes: a first series circuit in 
which a set of transistors that switch operations in a 
5 complimentary manner based on clocks are connected in series, 
an input signal being input to one end of the series 
circuit; a first inverter circuit including a set of 
transistors, a connection midpoint of the first series 
circuit being connected to a gate of one of the transistors; 
10 and a second inverter circuit including a set of transistors 
that input an output signal, whose signal level varies in 
response to an output of the connection midpoint of the 
first series circuit, to an opposite end of the first series 
circuit. 

15 In the configuration of the present invention, the 

clocked inverter circuit includes: a first series circuit in 
which a set of transistors that switch operations in a 
complimentary manner based on clocks are connected in series, 
an input signal being input to one end of the series 

20 circuit; a first inverter circuit including a set of 

transistors, a connection midpoint of the first series 
circuit being connected to a gate of one of the transistors; 
and a second inverter circuit including a set of transistors 
that input an output signal, whose signal level varies in 
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response to an output of the connection midpoint of the 
first series circuit, to an opposite end of the first series 
circuit. With this arrangement, for example, all 
transistors are formed by N-channel transistors, and after 
an output of the first series circuit is set so as to 
correspond to the input signal in response to the on 
operation of the switching circuit at one end, the output of 
the first series circuit can be set so as to maintain the 
output of the first series circuit in response to the on 
operation of the switching circuit at another end. Thus, 
the signal level of an input signal received in response to 
the on-state of the switching circuit at the one end can be 
maintained. Thus, all transistors in a clocked inverter 
circuit can be formed by N-channel transistors. 

The present invention also is a lo o applied to a latch 
circuit in which all transistors are same-channel 
transistors. The latch circuit includes: a first series 
circuit in which a set of transistors whose operations are 
switched in a complimentary manner based on clocks are 
connected in series, an input signal being input to one end 
of the series circuit; a first inverter circuit including a 
set of transistors, a connection midpoint of the first 
series circuit being connected to a gate of one of the 
transistors; and a second inverter circuit including a set 
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of transistors that input an output signal, whose signal 
level varies in response to an output of the connection 
midpoint of the first series circuit, to an opposite end of 
the first series .circuit . 

The present invention also is alao applied to a shift 
register circuit in which a latch circuit sequentially 
transfers a drive signal. In the latch circuit, all 
transistors are formed by same-channel transistors. The 
latch circuit includes: a first series circuit in which a 
set of transistors that switch operations in a complementary 
manner based .on clocks are connected in series, an input 
signal being input to one end of the series circuit; a first 
inverter circuit including a set of transistors, a 
connection midpoint of the first series circuit being 
connected to a gate of one of the transistors; and a second 
inverter circuit including a set of transistors that input 
an output signal, whose signal level varies in response to 
an output of the connection midpoint of the first series 
circuit, to an opposite end of the first series circuit. 

The present invention also is also applicable to a 
drive circuit for a display apparatus in which pixels are 
arranged in a matrix. In the drive circuit, a shift 
register circuit including latch circuits sequentially 
transfers drive signals to generate drive signals for the 
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pixels. In the latch circuit, all transistors are formed by 
same-channel transistors. The latch circuit includes: a 
first series circuit in which a set of transistors that 
switch operations in a complementary manner based on clocks 
5 are connected in series, an input signal being input to one 
end of the series circuit; a first inverter circuit 
including a set of transistors, a connection midpoint of the 
first series circuit being connected to a gate of one of the 
transistors; and a second inverter circuit including a set 

10 of transistors that input an output signal, whose signal 
level varies in response to an output of the connection 
midpoint of the first series circuit, to an opposite end of 
the first series circuit. 

The present invention also is also applied to a display 

15 apparatus in which pixels are arranged in a matrix. In the 
display apparatus, a shift register circuit including latch 
circuits sequentially transfers drive signals to generate 
drive signals for the pixels. In the latch circuit, all 
transistors are formed by same-channel transistors. The 

20 latch circuit includes: a first series circuit in which a 

set of transistors that switch operations in a complementary 
manner based on clocks are connected in series, an input 
signal being input to one end of the series circuit; a first 
inverter circuit including a set of transistors, a 
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connection midpoint of the first series circuit being 
connected to a gate of one of the transistors; and a second 
inverter circuit including a set of transistors that input 
an output signal, whose signal level varies in response to 
5 an output of the connection midpoint of the first series 
circuit, to an opposite end of the first series circuit. 

Thus, according to the configuration of the present 
invention, for example, all transistors can be formed by N- 
channel transistors to form latch circuits and shift 

10 register circuits. According to the configuration of the 
present invention, it is possible to form display-apparatus 
drive circuits using those shift registers. In addition, 
according to the configuration of the present invention, it 
is possible to provide display apparatuses including the 

15 shift register circuits. 

According to the present invention, it is possible to 
provide clocked inverter circuits and latch circuits that 
operate only with single-channel transistors, shift register 
20 circuits including the latch circuits, and display-apparatus 
drive circuits and display apparatuses including the shift 
register circuits . 

Brief Description of the Drawings 
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FIG. 1 is a wiring diagram showing a clocked inverter 
circuit applied to a vertical drive circuit of a known flat 
display apparatus. 

FIG. 2 is a time chart for describing the operation of 
5 the clocked inverter circuit shown in FIG. 1. 

FIG. 3 is a block diagram showing the configuration of 
a known flat display apparatus. 

FIG. 4 is a block diagram showing a flat display 
apparatus according to a first embodiment of the present 
10 invention, 

FIG. 5 is a wiring diagram showing a vertical drive 
circuit in the flat display apparatus shown in FIG. 4. 

FIG. 6 is a time chart for describing the operation of 
the latch circuit in the vertical drive circuit shown in FIG. 
15 5. 

FIG. 7 is a wiring diagram for describing the operation 
of the latch circuit in the vertical drive circuit shown in 
FIG. 5. 

FIG. 8 is a wiring diagram for describing an operation 
20 subsequent to the operation in FIG. 7. 

FIG. 9 is a wiring diagram showing a vertical drive 
circuit in a flat display apparatus according to a second 
embodiment of the present invention. 

FIG. 10 is a wiring diagram showing a vertical drive 
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circuit in a flat display apparatus according to a third 
embodiment of the present invention. 

Best Mode for Carrying Out the Invention 
5 Embodiments of the present invention will be described 

below in detail with reference to the drawings. 
(1) Configuration of First Embodiment 
FIG. 4 is a block diagram showing a flat display 
apparatus according to a first embodiment of the present 

10 invention. In this flat panel display apparatus 21, a pixel 
section 22, a vertical drive circuits 23A and 23B, and a 
horizontal drive circuit 24 are integrally formed on a glass 
substrate 25 by using amorphous -silicon N-channel-side TFTs . 
Pixels including organic EL devices are arranged on the 

15 pixel section 22 in a matrix. The vertical drive circuits 

23A and 23B output drive signals to the pixel section 22 via 
scan lines, which are provided &o\ as to extend in the 
horizontal direction of the pixel section 22. The 
horizontal drive circuit 24 sets the gradations of the 

20 respective pixels via signal lines, which are provided so as 
to extend in the vertical direction of the pixel section 22. 
In the flat panel displaiy apparatus 21, a timing generator 
(TG) 26 generates various drive signals, clocks, and so on 
required for the operations of the vertical drive circuits 
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23A and 23B and the horizontal drive circuit 24 and supplies 
the drive signals and so on to the vertical drive circuits 
23A and 23B and the horizontal .di^ive circuit 24, which are 
provided on the glass substrate 25, Further, gradation data 
Dl indicating the gradation of each pixel is supplied to the 
horizontal drive circuit 24. Consequently, a desired image 
is displayed. 

FIG. 5 is a wiring diagram showing the vertical drive 
circuit 23A. In the vertical drive circuit 23A, latch 
circuits 31A, 31B, 31A, . . . sequentially transfer drive 
signals IN— output from the timing generator 26— in the 
vertical direction of the pixel section 22, and buffer 
circuits 32 output signals— output from the respective 
circuits 31A, 31B, 31A, ... to the respective scan lines of 
the pixel section 22. The vertical ' drive circuit 23B has 
the same configuration as the vertical drive circuit 23A, 
except that drive signals output from the timing generator 
26 and transferred as described above are different. Thus, 
the description of the vertical drive circuit 23B will be 
omitted hereinafter. 

The vertical drive circuit 23A is formed such that the 
latch circuits 31A for latching input signals based on a 
clock CK having a duty ratio of about 50 [%] and the latch 
circuits 31B for latching input signals based on a clock CKX, 
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which is an inverse signal of. the clock CK, are alternately 
connected in series. The drive signal IN generated by the 
timing generator 26 is input to the latch circuit 31A at the 
first stage. 

In each latch circuit 31A for latching the input signal 
based on the clock CK, the gates of transistors TRl and TR2 
are driven by the clocks CK and CKX, respectively, and the 
transistors TRl and TR2 provide switching circuits that 
perform on/off operations by switching operations in a 
complementary manner. The switching circuits are connected 
in series to thereby form a series circuit of the switching 
circuits. In the latch circuit 31A at the first stage, the 
drive signal IN output from the timing generator 26 is input 
to one end of the series circuit, i.e., to the transistor 
TRl that is turned on based on the clock CK. In each latch 
circuit 31A other than the one located at the first stage, 
an output signal of the latch circuit 3 IB at the previous 
stage is input to one end of the latch circuit 31A. In the 
latch circuit 31A, an output signal that varies in signal • 
level according to an output of the connection midpoint of 
the series circuit is input to an opposite end of the series 
circuit. In this embodiment, as the output signal, an 
output signal of a second inverter circuit 34, described 
below, is used. 
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That is, in the latch circuit 31A, transistors TR3 and 
TR4 are connected in series between a power supply Vccl and 
ground to form a first inverter circuit 33 and, similarly, 
transistors TR5 and TR6 are connected in series to form the 



inverter circuits 33 and 34, the gates of the transistors 
TR4 and TR6 at the power supply voltage Vccl side are 
connected to reference voltages Vcc2, respectively. In the 
inverter circuit 33 located at the previous -stage side, the 

10 gate of the ground-side transistor TR3 is connected to the 
connection midpoint of the transistors TRl and TR2 . In the 
inverter 34 at the subsequent -stage side, similarly, an 
output of the inverter circuit 33 including the previous - 
stage transistors TR3 and TR4 is input to the gate of the 

15 ground-side transistor TR5 . An output of the second 

inverter circuit 34 is used as an output OUT of the latch 
circuit 31A. 

Thus, in the latch circuit 31A, as shown in FIGS. 6 and 
7, the input signal IN (part (A) of FIG. 6) , whose signal 
20 level rises at predetermined timing, is input. In 

accordance with the rising and falling (parts (B) and (C) of 
FIG. 6) of the clock signals CK and CKX, the input signal IN 
is supplied to a series circuit constituted by the inverter 
circuit 33, which includes the transistors TR3 and TR4 , and 



5 



second inverter circuit 34. 



In the first and second 
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the inverter 34, which includes the transistors TR5 and TR6, 
via the switching circuit implemented by the transistor TRl . 
In response to the rising of the input signal IN, the output 
signal OUT (part (C) of FIG. 6) rises. 

After the output signal OUT rises as described above, 
when the clock CK begins to fall and the clock CKX begins to 
rise, the switching circuits implemented by the transistors 
TRl and TR2 are switched to an OFF state and an ON state,- 
respectively, as shown in FIG. 8. In this case, a signal 
output from the second inverter 34 and is input to the 
switched-on switching circuit thereby maintaining the 
circuit output io maintained at a High level, even after the 
transistor TRl is switched off due to the gate capacitance. 
Consequently, the output signal of the second inverter 
circuit 34, the output signal being is m aintained at the 
High level, because the output signal is instantaneously 
input to the series circuit, constituted by the inverter 
circuits 33 and 34, via the switching circuit implemented by 
the transistor TR2 . Thus, the signal level of the input 
signal IN received based on the clock CK is maintained. 

Thus, in the latch circuit 31A, after the input signal 
IN falls, similarly, in response to the rising and falling 
of the clock CK and clock CKX, the signal level of the input 
signal IN is received and maintained. 
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In contrast, in the latch circuit 31B that operates 
with reference to the clock CKX, clocks for driving the 
switching circuits implemented by transistors TRl and TR2 
are set to the clock CKX and the clock CK, respectively, in 
5 a manner opposite to the case of the latch circuit 31A. 
Thus, the result of latching of the previous -stage latch 
circuit 31A is output with a delay of one-half cycle of the 
clock CK. 

As described above, a shift register circuit is 
10 configured in the vertical drive circuit 23A, and the drive 
signal IN output from the timing generator 26 is 
sequentially output with a delay of one-half cycle of the 
clock CK. 

In the. latch circuit 31A, in order to ensure that 
15 output signals at the outputs of the inverter circuits 33 
and 34 fall to have appropriate signal levels when the 
series circuit of the inverter circuits 33 and 34 outputs 
the input signal IN with the delay, the transistors TR3 and 
TR5 at the ground side are fabricated to have a larger size 
2 0 than the transistors TR4 and TR6 at the power supply Vcc 
side to reduce the on-resistance . 

The reference voltage Vcc2 of the inverter circuits 33 
and 34 is set at a higher voltage than the voltage of the 
power supply Vcc so as to correspond to the threshold 
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voltage of the transistors TR4 and TR6 at the power supply 
Vcc side, so that the inverter circuits 33 and 34 do not cut 
off the outputs. 

As described above, in this embodiment, the transistors 
TRl and TR2 constitute a first series circuit constituted by 
a set of transistors that are switched to the ON state in a 
complementary manner, and the transistors TR3 and TR4 
constitute a first inverter circuit constituted by a set of 
transistors, the connection midpoint of the first series 
circuit being connected to the gate of one of the 
transistors to the first inverter circuit. The transistors 
TR5 and TR6 constitute a second inverter circuit constituted 
by a pair of transistors that output an in-phase signal of 
the input signal, the in-phase signal having a signal level 
that varies with a delay relative to the input signal IN. 
In this embodiment, the input signal IN is input to one end 
of the first series circuit and the in-phase signal is input 
to the opposite end of the first series circuit. 

(2) Operation of First Embodiment 

In the configuration described above, in the flat panel 
display apparatus 21 (FIG. 4) , the pixels provided at the 
pixel section 22 are driven— line by line— by the drive 
signals output from the vertical drive circuits 23A and 23B 
and the gradations of the respective signals are 
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sequentially set by the drive signals output from the 
horizontal drive circuit 24 to the respective signal lines, 
so that a desired image is displayed. In the flat panel 
display apparatus 21 (FIG. 5) , the drive signal IN output 
from the timing generator 26 is sequentially transf erred-r by 
the shift register^ in the vertical direction of the pixel 
section 22 and the output signals of the individual stages 
of the shift register are output to the corresponding scan 
lines of the pixel section 22, thereby executing the pixel 
driving by the vertical drive circuits 23A and 23B. In the 
flat display apparatus 21, the shift register is formed by a 
series circuit constituted by the latch circuits 31A, 31B, 
31A, 31B, .... 

In the latch circuit 31A, the drive signal IN output 
from the timing generator 26 or the drive signal output from 
the previous -stage latch circuit 31B is supplied to the 
first series circuit constituted by the switching circuits, 
which are implemented by the transistors TRl and TR2 that 
perform on/off operations in a complementary manner, and an 
output of the connection midpoint of the first series 
circuit is output to the next stage via the first and second 
inverters 33 and 34. In the latch circuit 31A, the input 
signal IN is input via the transistor TRl of the first 
series circuit. In turn, when the clock signal CK for 
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controlling the on and off of the transistor TRl rises, the 
output OUT of the latch circuit 31A is set to have the 
signal level of the input signal IN with a delay 
corresponding to the operation time of the inverters 3 3 and 
34. Thus, the signal level of the input signal IN is- 
obtained with reference to the clock signal CK. 

When the clock CK falls, the transistor TR2 is switched 
on by the clock signal CKX, which is the inverse signal of 
the clock CK, and .the output signal OUT, which is delayed by 
an amount of time corresponding to the operation time of the 
inverter circuits 33 and 34, is input to the first series 
circuit via the transistor TR2, thus maintaining the signal 
level of the output signal OUT set at the rising of the 
clock signal CK. 

Thus, in the latch circuit 31A, N-channel transistors 
TRl to TR6 can be used to latch the input signal IN and to 
output the resulting signal . 

In the shift register circuit, the latch circuits 31A 
for latching the input signal based on a clock signal CK as 
described above-r and the latch circuits 3 IB for latching the 
input signal based on a clock CKX, which is the inverse 
signal of the clock CK, are alternately connected in series. 
In the latch circuit 3 IB, the clock CK and the clock CKX are 
interchanged relatively to the latch circuit 31A. With this 
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arrangement, the drive signal output from the timing 
generator 26 at one-half cycle of the clock CK is 
sequentially transferred. Thus, in this shift register 
circuit, all transistors can be formed by N-channel 
5 transistors to generate a drive signal. 

Consequently, the flat display apparatus 21 and the 
vertical drive circuits, which are drive circuits for the 
flat display apparatus 21, can be formed using amorphous 
silicon TFTs, and the flat display apparatus can be 

10 fabricated by a simple process in which the drive circuits 
and a pixel section are integrally formed on a glass 
substrate. 

(3) Advantages of First Embodiment 
According to the configuration described above, 

15 switching circuits implemented by a set of transistors that 
switch operations in a complementary manner form a series 
circuit, an output of the connection midpoint of the series 
circuit is output to an inverter circuit, an input signal is 
input to one end of the series circuit, and a signal that is 

20 output from an inverter circuit and that corresponds to the 
output of the connection midpoint of the series circuit is 
supplied to an opposite end of the series circuit; With 
this arrangement, it is possible to provide a latch circuit 
that operates with only single -channel transistors, a shift 
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register including the ohift latch rcgiatcr circuit , a 
display-apparatus drive circuit, and a display apparatus. 

Relative to a first inverter circuit to which the 
output of the connection midpoint of the series circuit is 
5 input; a second inverter circuit in which an output signal 
of the first inverter circuit is input to the gate of one of 
the transistors of the second inverter circuit is provided. 
An output signal of the second inverter circuit is input to 
the opposite end of the series circuit. With this 
10 arrangement, a signal with a delay relative to the input 
signal can be generated with a simple configuration. 
(4) Second Embodiment 

FIG. 9 is a wiring diagram showing a vertical drive 
circuit in a flat display apparatus according to a second 

15 embodiment of the present invention. In this vertical drive 
circuit 40A or 40B, latch circuits 41A and 41B are used 
instead of the latch circuits 31A and 3 IB described above in 
the first embodiment. The flat display apparatus according 
to the second embodiment has the same configuration as the 

20 flat display apparatus 21 described in the first embodiment, 
except that the configurations of the latch circuit 41A and 
41B are different. Thus, redundant descriptions will be 
omitted hereinafter. 

in the latch circuits 31A and 3 IB described above in 
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the first embodiment, the size of the ground-side 
transistors TR3 and TR5 of the inverter circuits 33 and 34 
must be fabricated to have a large size so as to 
sufficiently reduce the on-resistance, in order to ensure 
that the output signal OUT has a sufficiently dynamic range. 
Furthermore, when the ground-side transistors TR3 and TR5 
are turned on, current flows from the power supply Vcc to 
the ground, thereby increasing the power consumption. As 
shown in part (E) of FIG. 6, there is also a drawback in 
that the rising edge and the falling edge of the output 
signal OUT are rounded. In this embodiment, the drawbacks 
of the first embodiment are eliminated. 

That is, similarly to the latch circuit 31A according 
to the first embodiment, the latch circuit 41A in the second 
embodiment includes a first series circuit constituted by 
transistors TRl and TR2, an inverter circuit 33 constituted 
by transistors TR3 and TR4 , and a second inverter circuit 34 
constituted by transistors TR5 and TR6 . An input signal IN 
or an output signal of the previous stage is input to one 
end of the first series circuit and an output signal of the 
second inverter circuit 34 is input to an opposite end of 
the first series circuit. An output of the connection 
midpoint of the series circuit is input to the inverter 
circuit 33 and an output signal of the inverter circuit 33 



23 



80001-3160 ' Attorney Docket No.: SON-3160 

MARKED UP SPECIFICATION Application No.: 10/581,076 

is input to the second inverter circuit 34. 

The latch circuit 41A has a second system relative to a 
first system including the first series circuit, the first 
inverter circuit 33, and the second inverter circuit 34. 
5 The second system includes a first series circuit, a first 
inverter circuit 33A, and a second inverter circuit 34A 
which correspond to the first series circuit, the first 
inverter circuit 33, and the second inverter circuit 34. 
Similarly to the first system, in the second system, 

10 switching circuits implemented by transistors TR7 and TR8 

for switching operations by performing on/off operations in 
a complimentary manner based on the clocks CK and CKX form 
the first series circuit. In the first inverter circuit 33A, 
transistors TR9 and TRIO are connected in series and an 

15 output of the connection midpoint of a series circuit 

constituted by transistors TR7 and TR8 is input to the gate 
of the ground-side transistor TR9 . In the second inverter 
circuit 34A, the transistors TR9 and TRIO are connected in 
series and an output signal of the first inverter circuit 

20 33A is input to the gate of a ground-side transistor TRll. 

Further, an output signal of the second inverter circuit 34A 
is fed back to an opposite end of the series circuit of the 
transistors TR7 and TR8 . 

The second system is formed so as to correspond to the 
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first system, as described above. An input signal INX, 
whose polarity is inverted relative to the input signal IN 
input to the first system, is input to one end at the clock 
CK side of the series circuit constituted by the transistors 
5 TR7 and TR8 , so that sections corresponding to those in the 
first system generate signals having reverse polarities 
relative to the first system. 

In the latch circuit 41A, the signals having reverse 
polarities control the on and off of the power-supply-side 

10 transistors TR4 and TR6 of the first and second inverter 

circuits 33 and 34 in the first system, so that the power- 
supply- side transistors TR4 and TR6 and. the ground- side 
transistors TR3 and TR5 in the inverter circuits 33 and 34 
that perform on/off operations in a complementary manner. 

15 This prevents the rounding of the rising edge and falling 
edge of the output signals of the inverter circuits 33 and 
34 and reduces the power consumption. Furthermore, even 
when the transistors TR3 to TR6 in -the inverter circuits 33 
and 34 are formed to have small sizes, the output signal OUT 

20 having a sufficient dynamic range can be output. 

In the latch circuit 41A, with regard to the first and 
second inverters 33A and 34A in the second system, similarly, 
signals having reverse polarities relative to the first 
system control the on and off of the power -supply- side 
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transistors TRIO and TR12 . Thus, the power-supply-side 
transistors TRIO and TR12 and the ground-side transistors 
TR9 and TRll in the inverter circuits 33A and 34A arc also 
are turned on and off in a complementary manner. This 
prevents the rounding of the rising edge and falling edge of 
the output signals of the inverter circuits 33A and-34A and 
reduces the power consumption. Furthermore, even when the 
transistors TR9 to TR12 in the inverter circuits 33A and 34A 
are formed to have small sizes, an output signal having a 
sufficient dynamic range can be output. 

That is, in the latch circuit 41A, in the inverter 
circuit 33 of the first system, an output of the connection 
midpoint of the transistors TR7 and TR8 in the second .system 
is input to the gate of the power -supply- side transistor TR4 
and— in the second inverter circuit 34 of the first system, 
an output signal of the first inverter circuit 34A in the 
second system is input to the gate of the power- supply- side 
transistor TR6 . Similarly, in the first inverter circuit 
3 3A of the second system, an output of the connection 
midpoint of the transistors TRl and TR2 in the first system 
is input to the gate of the power-supply-side transistor 
TRIO^ and— in the second inverter circuit 34A of the second 
system, an output signal of the first inverter circuit 34 in 
the first system is input to the gate of the power-supply- 
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side transistor TR12. 

With this arrangement, the transistors TRl to TR12 in 
the latch circuit 41A can be formed to have substantially 
the same and small size. The inverse signal INX of the 
5 input signal IN is generated by the timing generator 26. 

The latch, circuit 41A outputs the output signals of the 
first and second systems to the latch circuit 41B at the 
next stage. This next-stage latch circuit 41B is formed 
such that the clock CK and the clock CKX are switched 
10 relative to the latch circuit 41A that latches the input 
signal based on the clock CK. 

Thus, in this embodiment, the latch circuits 41A, 41B, 
41A, . . . sequentially transfer the drive signal IN with a • 
delay of one-half cycle of the clock CK and the resulting 
15 drive signal is output to each scan line via the buffer 
circuit 32. 

In the configuration shown in FIG. 9, the second system 
corresponding to the first system is formed and the first 
system and the second system generate signals having reverse 
20 polarities, and the signals having reverse polarities are 
used to control the on and off of the power -supply- side 
transistors of the inverter circuits in the first and second 
systems. This allows for a reduction in power consumption, 
for an improvement in the transition of the output signals. 
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and for the formation using small transistors, thus 
providing advantages similar to the first embodiment. 
(5) Third Embodiment 

FIG. 10 is a wiring diagram showing a vertical drive 
circuit in a flat display apparatus according to a third 
embodiment of the present invention. In this vertical drive 
circuit BOA or BOB, latch circuits BIA and BIB are used 
instead of the latch circuits 31A and 31B described above in 
the first embodiment. The flat display apparatus in the 
third embodiment has the same configuration as the flat 
display apparatus 21 described above in the first embodiment, 
except that the configurations of the latch circuit BIA and 
BIB are different. Thus, redundant descriptions will be 
omitted hereinafter. 

Similarly to the latch circuit 31A according to the 
first embodiment, the latch circuit BIA includes a first 
series circuit constituted by transistors TRl and TR2 and an 
inverter circuit 33 constituted by transistors TR3 and TR4 . 
An input signal IN or an output signal of the previous stage 
is input to one end of the first series circuit_j^ and an 
output of the connection midpoint of the first series 
circuit is input to the inverter circuit 33 . 

In the latch circuit 51A, similarly to the first series 
circuit, a second series circuit is constituted by switching 
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circuits implemented by transistors TR5 and TR6 that switch 
operations in a complementary manner by performing on/off 

o 

operations based on the clocks CK and CKX. An inverse 
signal. INX of an input signal IN or the inverse signal of an 
5 output signal OUT of the previous stage is input to the end 
at the clock CK side of the second series circuit . 
Transistors TR7 and TR8 form an inverter circuit 33B, and an 
output of the connection midpoint of the second series 
circuit is input to the ground-side transistor TR7 of the 

10 inverter circuit 33B. 

Thus, in the latch circuit 51A, the second series 
circuit constituted by the transistors TR5 and TR6 and the 
inverter 33B generate corresponding signals having reverse 
■polarities relative to a system that includes the first 

15 series circuit constituted by the transistors TRl and TR2 

and the inverter circuit 33. An output signal corresponding 
to the output of the connection midpoint of the first series 
circuit is generated by the inverter circuit 3 3B for the 
second series circuity and an output signal corresponding to 

20 the output of the connection midpoint of the second series 
circuit is generated by the inverter circuit 33 for the 
first series circuit. 

With this arrangement, in the latch circuit 51A, the 
output signal of the inverter circuit 33B is input to an 
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opposite end of the first series circuit and the output 
• signal of the inverter circuit 33 is input to an opposite 
end of the second series circuit. The output of the 
connection midpoint of the second series circuit is input to 
5 the power-supply-side transistor TR4 of the inverter circuit 
33^ and the output of the connection midpoint of the first 
series circuit is input to the power-supply-side transistor 
TR8 of the inverter circuit 33B. The output signals of the 
inverter circuits 33 and 33B arc also are output to the next 
10 stage. 

In the latch circuit 51B based on the clock CKX, the 
clock CK and the clock CKX are interchanged, and the latch 
circuit 5 IB has the same configuration as the latch circuit 
51A based on the clock CK. In the vertical drive circuits 
15 50A and BOB, according to the configurations of the latch " 
circuits 51A and 51B, inputs to respective buffer circuits 
32 are interchanged between the latch circuit 51A based on 
the clock CK and the latch circuit 51B based on the clock 
CKX. 

20 In this embodiment, the configuration of the latch 

circuits are simplified and advantages similar to those in 
the second embodiment can be provided. 
(6) other Embodiments 

A case in which the shift register, which is a vertical 
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drive circuit, has been described in the above embodiments 
with the objective of output ting a signal having the same 
phase as an input signal, but the present invention is no.t 
limited thereto. For example, the buffer circuits may be 
5 configured by inverter circuits so as to output a signal 
having a phase opposite to an input signal. In this case, 
. in the configuration of the first embodiment, the output 
signal of the first inverter circuit 33 can be output to the 
buffer circuit, and in the configuration of the second 

10 embodiment, the output signal of the second system side can 
be output to the buffer circuit. In addition, in the 
configuration of the third embodiment, the output signals of 
the inverter circuits 33 and 33B sides in the latch circuits 
51A and 51B can be output to the buffer circuits. Thus, in 

15 this case, in the configuration of each embodiment, the 

clocked inverter circuits that receive an input signal IN 
based on the clock CK and output an inverse signal are 
connected in series to constitute the shift register circuit. 
Although a case in which the scan lines are driven by 

20 signals having the same polarity as the drive signal output 
from the timing generator has been described in the above 
embodiments, the present invention is not limited thereto^ 
and it is thus widely applicable to a case in which the scan 
lines are drive by signals having the reverse polarity. 
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Although a case in which the output of the previous 
stage is input to the ground-side transistors in the 
inverter circuit has been described in the above embodiments, 
the present invention is not limited thereto. Conversely, 
5 the output may be input to the power-supply-side transistor. 
Although a case in which the latch circuits and the 
clocked inverter circuits are constituted by N-channel 
transistors has been described in the above embodiments, the 
present invention is not limited thereto. The present 

10 invention is widely applicable to cases in which the latch 
circuits and the clocked inverter circuits are constituted 
by transistors having the same polarity, such as a case in 
which they are fabricated using P-channel transistors. In 
such cases, it may be difficult to accomplish the 

15 fabrication because of an amorphous process. However, since 
the fabrication is possible using transistors having the 
same polarity, the process can be simplified correspondingly. 

Although a case in which the drive circuits and the 
pixel section are integrally fabricated on a glass substrate 

20 has been described in the above embodiments, the present 

invention is not limited thereto. For example, the present 
invention is widely applicable to a case in which the 
fabrication is performed in separate processes and also to a 
case in which the fabrication is performed using single 
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crystal silicon polysilicon. In such cases, since the 
fabrication is possible using transistors having the same 
polarity, the processes can be simplified correspondingly. 
Although a case in which the latch circuits and the 
5 clocked inverter circuits according to the present invention 
are applied to drive circuits for a flat display apparatus 
has been described in the above embodiments, the present 
invention is not limited thereto^^ and it is thus widely 
applicable to various drive circuits and logic circuits. 

10 Although a case in which the present invention is 

applied to a flat display apparatus including organic EL 
devices has been described in the above embodiments, the 
present invention is not limited thereto^ and it is thus 
widely applicable to various display apparatus, such as 

15 liquid crystal display apparatuses. 

Industrial Applicability 

The present invention is applicable to, for example, a 
flat display apparatus including organic EL devices. 

20 
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